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[57] ABSTRACT 

A gas difiFusion electrode for an electrochemical cell and a 
fuel cell employing the electrode are disclosed. The elec- 
trode includes a pc^ous body in contact with a catalyst layer 
comprising (i) a catalyst dispersed on the surface of a caibon 
support; (H) a water-insoluble sulfonated polystyrene, poly 
(a-racthylstyrenc) or SEBS block copolymer, and (iii) a 
nonionic fluorocaibon polymer. Hie fuel cell indudcs two of 
the foregoing electrodes and a membrane of a proton- 
conducting polymer between the electrodes. It also includes 
an inlet for a gaseous fuel, an inlet for an orcygcn-contaimng 
gas, and an outiet for reaction products. 

12 Claims, 1 Drawing Sheet 




06/10/2002, EAST Version: 1.03.0002 




9 11 7 




FIG. 2 



06/10/2002, EAST Version: 1.03.0002 



5,677,074 

1 2 

GAS DIFFUSION ELECTRODE In order for an electrolyte to function propcriy, it must be 

hydratcd wh£e the electrochemical reacdon is occuniBg. 

FIELD OF THE INVENTION When a ccU is operated at high temperature and/or pressure, 

The invention relates to a gas diffusion electrode for an ^ maintain hydration; water tends to be 

electrochemical ceU. The dectrodeconmrisesaporous body ^ evaporated from the electrolyte. As a result, many ceUs of 

in contact with a catalyst layer of a particular conqjositioa ^ require eitteiml sources of humidification in ordo: to 

provide stable and efiSaent peif CHmance at reasonable power 

BACKGROUND OF THE INVENTION levels. Ail of these systenas — heaters, hydrators, and 

o j-it • 1 ^ J J • 1 v - 1 11 compressors — add weight and volume to the fuel cdl, 

Gas diffusion electrodes are used in electrochemical cells . . - ^ ^ . , 

^aouuiuDiviii^w^yutDai^us^^uiiic^^ detTECt from its powoT density and inaeasc its complcxity. 

m order to achieve high cmrent density. The parous nature ^ important features of an efficient, and therefore 

of the electrodes facilitates the efficient utilization of cas- ~! i ,i w*. 1 -T , auu luwt^uit 

, . T practical, fuel cell are (1) that it can employ ambient air as 

ecus reactaats and the efficient expulsion ofproducts of the ^ ^^^^ ^.^^^ 

electrochemical reactions that produce electac power. peratie and pressure, i.e. that it not require external heating 

Pud ceUs utilizing an acidic polymer electrolyte mem- ^5 ^ prcssurization; and (3) that it operate without external 

hrane and consummg a fuel (e.g. hydrogen or methane) at humidification of gases. The porous gas electrodes of the 

the anode and an oxidant (oxygen or air) at the catiiode present invention allow the construction of a cell that meets 

produce a net current in an extanal electric circuit when the ^jj these requirements 
fuel cell is subject to a load The electrochemical processes 

which occur within the porous gas diffusion electrodes in the 20 SUMMARY OF THE INVENTION 

context of a fuel cell may be described as foUows: At the In one aspect the invention relates to a porous gas 

anode, hydrogen is fed into the diffusion baddng of the diffusion electrode comprising: (a) an electronically conduc- 

dectrode and into the catalyst layer, where diatomic hydro- tive porous body in electrical contact with (b) a catalyst layer 

gen is dissociated to produce protons and electrons. Hie * compdsing (i) a catalyst dispersed on the surface of a carbon 

electrons travel tlirough an external electrical circuit. The 25 support; (ii) a water-insoluble sulfonated polystyrene, sul- 

protons migrate within the anode, cross the interface fonated poly(a-methylstyrene) or sulfonated styrene- 

between the catalyst layer and an adjacent polymer electro- cthylene-butylene-styrene (SHBS) block copolymer; and 

lyte and are shuttled across a membrane to partidpate in a (iii) a nonionic flucrocaibon polymer, f^refezred sulfonated 

reaction at the cathode. The membrane separates the halves polystyrenes, poly(a-methylstyrene)s and SEBS*s have a 

of the cell and is permeable only to protons. At the cathode, conductivity of 0.04 S/cm or greater, a molecular weight 

air (cff any source of oxygen) is fed into the diffusion from 30,000 to 1,000,000, and are 10 to 60 mole percent 

backing of the electrode and thence into the catalyst, where sulfonated The term water-insoluble, as used herein, refers 

diatomic oxygen is reduced by the acceptance of electrons to polymer electrolytes whose solubility in water at 23** C. 

from the external circuit and subsequently reacts with pro- is less than 15% by weight In a presently most prd'erred 

tons to produce water, which can be in the liquid or gaseous 3^ embodiment, the sulfon^ed polystyrene is 25 to 45 mole 

form, depending on the operating conditions of the cell. percent sulfonated polystyrene of molecular weight 200,000 

Conventional fuel cell electrodes are routinely employed to 400,000. The nonionic fluorocarbon polymer may be 

in high temperature (>90** C) cells because the rate of the chosen from the group consisting of poly 

dectrochCTiical reactions that arc responsible for producing (tetrafiuoroethylene), poly(vinylidene fluoride), poly 

useful power increases with temperature. However, in such 40 (tetrafiuorocthylene-hcxafluoropropylene), poly 

a system the additional heat required to maintain the (hcxafluoropropylene oxide), and poly(tetraQuoa:oethyIene- 

elevated tciiq)crature must be supplied from a heater, which hexafluorqprq)yleae codde). Particle sizes from 0.05 \aa to 

requires that parasitic power be drawn from the fuel cell 500 \uii are preferred. Hie catalyst may be chosen from the 

Hiis significantly reduces the net power ou^ut (by up to group consisting of platinum, palladium and binary and 

20%). A more desirable electrode would provide h^ cur- 45 tonary mixtures and alloys of platinum and palladium with 

rent density even when operating at 25** to 50* C, a Group Vm metals. Preferred catalysts are Pt, Pd, Pt-Ru and 

tenqjeiature range that is sustainable from the excess heat Pt-Co-Cr. 

generated by the electrochemical reactions alone. A preferred embodiment of the porous gas diffusion 

A practical and acceptable fuel cell should perform effeo- electrode comprises: (a) a porous carbon fiber sheet having 

tively with ambient air. The need to provide air under 50 a hydrophobic binder and a porosity of 30 to 70% in 

pressure (or worse yet, the need to provide pure oxygen) in electrical contact with (b) a catalyst layer comprising (i) a 

order to achieve high efficiency is a major drawback of many platinum or palladium metal catalyst dispersed on the sur- 

known electrodes and fuel cells. In order to utilize amlnciit face of a particulate carbon support at 5% to 30% by weight 

air,thccathpdcmustbcabletooperatewithagasstreamthat of the carbon support; (ii) a sulfonated polystyrene of 

is about 20% oxygen with the remainder being, at best, an 33 molecular weight from 200,000 to 400,000 sulfonated to 25 

inert diluent (mostly nitrogen). The use of highly porous to 40 mole percent; and (iii) from 15 to 30% of the total 

electrodes allows the relatively large volume of nitrogen to weight of the catalyst layer of a particulate poly 

be tolerated by the electrode. One way tiiat the art has (tetrafiuoroethylene) of particle size from 50 jimto 500 ^m. 

overcome the inefSdency that arises from using a gas stream In another aspect, the invention relates to a fuel cell 

that is only 20% reactant has been to increase the pressure. 60 conqnising: (a) an inlet for a gaseous fuel; (b) an inlet for an 

The higher pressure increases the effective concentration of oxygen-containing gas; (c) an outlet for reaction products; 

reactants at the electrode surface, which in turn increases &e (d) a first gas diffusion electrode adjacent the inlet for 

rate of electrochemical reaction. The diffusion of reactants to gaseous fuel; (d) a second gas diffusion electrode adjacent 

the catalyst surface is also facilitated by the higher pressure. the inlet for oxygen-containing gas and the outlet for reao- 

Ihe drawback to this approach is that conq>ressors add 65 tion products; and (e) a membrane of a proton-conducting 

weigiht and volume to the friel cell and thus reduce both its polymer between the electrodes and in contact with both, 

mass energy density and volume energy density. The first and second gas difiiision electrodes are each as 
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described above. In a prefened embodiment the proton- 
conducting polymer membrane is a sulfonated styiene- 
alkylene block copolymer, preferably a sulfonated s^n&- 
(ethylene-butylene)-styrene triblock copolymer (SEBS), and 
the styrene component is sulfonated to the extent of at least 
25 mol %. The catalyst layer preferably CQnq>rises (i) a 
platinum or palladium catalyst dispersed on the surface of a 
particulate carbon support, (ii) a sulfonated polystyrene of 
molecular weight from 200,000 to 400.000 sulfonated to 25 
to 40 mole percent; and (iii) from 15 to 30% of the total 
weight of the catalyst layer of a particulate poly 
(tetrafluorocthylenc) of particle size from 0.05 \im to 500 
pm. 

In another aspect the invention relates to a method for 
preparing a porous gas diffusion electrode con^nising: 

(a) ^plying a suspension of 40 to 80 parts of catalyst- 
coated carbon particles plus 5 to 20 parts of particulate 
poly(tetta£luoroethylene) in 1200 parts of water to a 
particulate carbon paper having a hydrophobic binder 
and a porosity of 30 to 70% to provide a catalyst-coated 
carbon support; 

(b) heating the catalyst-coated carbon support in an inert 
atmosphere at an increasing temperature from 125° C. 
to greater than 250° C; 

(c) cooling the catalyst-coated carbon support in an inert 
atmosphere to a tenc^erature below 125° C; 

(d) applying a 5% by weight solution of sulfonated 
polystyrene in a solvent having a boiling point below 
125" C; and 

(e) drying the catalyst-coated carbon support until less 
than 10% solvent remains and the catalyst-coated car- 
bon support contains from 0.2 to 2.0 mg/cm^ of sul- 
fonated polystyrene. 

The gas diffusion electrodes may be cnqiloyed in fabricating 
a fuel cell element by (a) preparing two porous gas diffusion 
electrodes as above; (b) providing a proton-conducting 
polymer membrane comprising a styrcnc-(ethylcnc- 
butylene)-styicne block copolymer (SEBS), the styrene 
con^onent being sulfonated to the extent of at least 25 mol 
%; and (c) laminating the two electrodes to opposite faces of 
the membrane by heating at a ten^erature and pressure for 
a period of time suf&dent to provide mechanically stable 
junctions on both faces of the membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-section of an electrode accord- 
ing to the invention. 
FIG. 2 is an expanded view taken along line 2 of FIG. 1. 

DETAILED DESCRIPnON 

The porous gas diffusion electrode of this invention 
consists of a gas diffusion backing upon which a catalyst 
layer is applied. The catalyst layer is composed of a mixture 
of (1) submicron particles of noble metal on carbon black 
particles and (2) a nonionic fluorocarbon polymer, and this 
mixture is inq)regnatcd with (3) an ionic polymer haying a 
hydrocarbon skeleton. The ionic polymer having a hydro- 
carbon skeleton is, for convenience, referred to below as an 
"ionic hydrocarbon polymer"; the same polymer is also 
referred to as a "hydrophilic electrolyte polymer" when 
reference is being made to its function. 

The nonionic fluorocarbon polymer, which is 
hydrophobic, serves as binder for the layer and as a water 
repellant to keep the catalyst surface from becoming 
occluded by the water produced in the electrochemical 
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reaction. Since, as explained above, water is required for the 
electrolyte to function, there is a balance between repelling 
water from tiie reaction and retaining water for the electro- 
lyte. The ratio between the hydrophobic fluorocarbon poly- 

5 mer and the hydrophilic electrolyte polymer determines the 
"set poinf* for water retention. A majw advantage of the 
present electrode conqjosition is that one can separately 
modulate water retention and electrolyte conductivity. 
The gas diffusion backing may be a porous carbon fiber 

10 sheet (e.g. Toray paper); however, backings composed of 
carbon doth, cart>on particulate material, carbon sheet and 
corrosion resistant metals, alloys, and claddings are also 
possible. The backing should have a porosity of more than 
20% and no greater than 90%, but preferably 30% to 80% 

15 and most preferably 30% to 70%. It is necessary that the 
backing be highly electrically conductive in order not to 
signiflcantiy contribute to the voltage drop of the cell. 

A presently preferred catalyst layer comprises noble metal 
particles (e.g. platinum, palladium) supported on carbon 
black particles. The chemical deposition of metals is 
described in U.S. Pat No. 4,044,193. Mixtures and alloys of 
noble metals with other noble metals or noble metals with 
transition metals (copper, chromium, nitheniimi, cobalt, 
etc.) have been reported to increase ^dency and perfor- 
mance (see U.S. Pat. Nos, 3,892^92 and 4,447,505) and are 
possible. A 1 :1 alloy of platinum and ruthenium (Pt-Ru) may 
be well suited to use at an anode because of its resistance to 
poisoning. A ternary alloy of platiTLum^ cobalt and chroaiium 
(Pt-Co-Cr), for example in the wei^t ratio of 5030*.20, may 
replace a pure platinum or palladium catalyst for many 
applications. Metal oxides and metalloporphyrins (e.g. 
cobalt), although , not presently attmctive from a cost- 
effidency standpoint, may become practical in the future. 
The carbon black partides must be highly conductive so 
they may collect current from the dectrochemical reaction. 
The catalyzed carbon partides are pref^ably sprayed on in 
the form of an ink, but could be brushed on, contact printed, 
silk screened, rolled on, or applied by any of die techniques 
well known in the art 

40 

The catalyst layer must contain a nonionic fluoropoiymer 
(e.g. PTFE) intimately mixed with the catalyzed carbon 
particles. The fluoropoiymer acts as binder for the electrode 
and rejects wafrw fi-nm electrode to prevent floodin g. The 
fluor^S^mcr content ol: the electroae snould oe more than 
5% but no grcato- tiian 40%, preferably 10% to 35%, and 
most preferably 15% to 30%. Possible fluoropolymcrs 
indudc poly(tctrafiuorocthylcnc), poly(vinylidenc fluoride), 
poly(tetrafluoroethylenc-hexafluoropropylcne), poly 

^ (hexafluoropropylene oxide), and poly(tetrafluoroethylcnc- 
hexafluoropropylene oxide). 

Hie catalyzed-carbon/fluoropolymer mixture is infiltrated 
with an ionic hydrocarbon polymer electrolyte. The ionic 
hydrocarbon polymer is ideally low equivalent wdght, rigid, 

55 low-to-moderatdy water swellable, and water insoluble, but 
soluble in a volatile solvent The use of a low equivalent 
weifijit polymer dectrolyte favors a higher amount of water 
retention. By low equivalent weight is meant that the ratio 
of polymer wdght to equivalents of add (in most cases, 

60 sulfonic add) is low; i.e. the polymer is relatively highly 
substimted with acid groups. Under steady-state conditions 
the water necessary to keq) flic polymer dectrolyte hydrated 
is provided by the water produced in the dectrochemical 
reaction itself. 

65 Partially sulfonated polystyrene is a preferred ionic 
hydrocarbon polymer; it may be prepared according to the 
procedure in U.S. Pat No. 3,870*841. Another possible ionic 
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hydrocarbon polymer for use in the invention is partiaUy electrode 1 comprises a porous backing layer 3, and a 

sulfonated poly(a-methylstyrcnc). Yet another possible catalyst layer 5. As shown in FIG. 2, the catalyst layer S 

ionic hydrocarbon polyma for use in the invention is comprises catalyst-coated carbon particles 7, bound together 

partially sulfonated styrcnc-cthylene-butylene-styrene with a finely distributed nonionic fluorocarbon polymer 9 

(SEBS) block copolymer, which can be prepared according 3 and interspersed with an ionic hydrocarbon polymer 11. 

to the method described in U.S. Pat No. 5,468»574, The ^ ^ element is then fabricated by preparing two 

sulfonated SEBS must be cast by a solvent/hon-solvent difiusion electrodes as above and laminating the 

technique to produce inverted miceUes, and the resulting gel, electrodes to a membrane by heating at 50° to TO*' C. and 25 

while it exhibits good power output, does not appe^ to have ^ sufficient to provide mechani- 

as long a working life in a cell as do the sulfonated styrene ^^^^^^ ^ membrane. The 

polymer dectrolytes. ^he lomc fo^^^ i , styrene.(ethylene-butylene>styrene block 

hydrocarbon polymer should be high (0.04 S/cm or grea^) , (SEBS) with the styrene component sulfonated to 

to aEow for proton transport in the electrode and across the S^f!^^ .t wt 25 mol % 

interface to the electrolyte. To this end, the sulf onation level ^ "'^^ ^' 

of the polystyrene should be greater than 10 mol % but less EXAMPLES 

than 60 mol %, preferably 25 mol % to 50 mol % and most examples that foUow, the electrode is in^gnated 

preferably 25 mol % to 45 mol Very highly sulfonated ^ ^ solution of partiaUy sulfonated polystyrene, which 

polystyrene (^70%) dissolves readily in water and is unsuit- prepared according to U.S. Pat. No. 3,870,841, the 

able. Polystyrenes that are too highly sulfonated also retain disclosure of which is incorporated herein by reference. The 

too much water and block the pores of the electrode, thus hydrocarbon ionomcr membrane was prepared according to 

preventing gas passage. The ionic hydrocarbon polymfir procedure described in U.S. Pat No. 5,468,574 and its 

may be impregnated into the structure by conventional continuation, Scr. No. 08/542.474. 

means, such as dipping, spraying, brushing, rolling or print- ttv a x*t»t « 1 

liXAMrLc I 

mg. 

The porous gas diffusion electrode should be easily ^ A catalyzed gas diffusion electrode was prepared as 

bonded to the proton-conduclhig polymer electrolyte mem- follows: A carbon ink was prepared by first dissolving 1.2 

brane and should afford good electrical contact We have grams of nonionic surfactant flWton X-100) in 60 grams of 

found that the hydrocarbon polyma: electrolyte described distilled water (2% w/w solution) in a glass jar with a teflon 

above infiltrates into the electrode when laminated at a mixing bar. Slow agitation is used to minimize foaming and 

modest tenq)erature and pressure, and that it bonds well to ^ splashing. Six grams of platinum-supported carbon (Vulcan 

a hydrocarbon polymer electrolyte membrane such as the XC-72R, 20% Pt, E-tek) was added to the solution. The 

membrane described in U.S. Pat No. 5,468,574, the disdo- mixture was stirred with moderate agitation to form a 

sure of which is incorporated herein by refo^nce. The viscous particle dispersion. About 60 grams 6f distilled 

porous gas diffusion electrode of this invention can be water was adde d to re duce the viscosity, and about 1. 1 grams 

laminated at low icmpecstaic and pressure to hydrocarbon 35 of an aqueous PTFE dispersion ^eflonJCg^Dupont) was 

ionomer membranes to afford good interfacial adhesion and added. The dual particle suspension wdsltured slowly until 

low intcrfadal resistance, homogenous. The suspension contains about 15% by wei^t 

A polymeric antioxidant may be blended into tiie ionic PTFE. A 225 cm^ shea of-hy.toghobized (35% PTFE) 
hydrocarbon polymer in order to extaid the operating lif Toray paper (E-tek Corp., Waltham, Mass.) was weighed 
time of the electrode. Prcsentiy preferred polymeric antioxi- 40 and heated on a metal platen to about 120** C The platen was 

dants are low molecular weight poly^henol-formaldehydc) oriented at about 45*-50^ C from the normal, and tiie 

resins, which are miscible with tiie ionic hydrocarbon poly- carbon ink was sprayed onto the hot substrate. It was 

mer. The use of a poly(a-methylstyrene)-bascd ionic hydro- allowed to dry. The spray-coated sheet was put in an oven 

carbon polymer will also add increased oxidative stabiUty. which had been preheated to 125** C. and purged with dry 

In the present invention, the catalyst area avaiUble for 45 '^'^^ overnight to minimize oxygen. The oven was 

electrochanical reaction is increased by reducing the frac- heated to 250^ C. in 5-10 imnutes and then allowed tocool 

tional surface area blocked by tiie otiier components in tiie to 125*' C under dry mtrogen purge The resjtitog carbon 

electrode, such as tiie polymer electrolyte and tiie fiuo- dectrodeintermediatehadaplatxnmnloadmgof aSmg/cm 

ropolymer binda^. This effectively increases tiie reaction rate and was not wettable by water. 

at lower tenq>erature and pressure. 50 A 5% by weight solution of 45% sulfonated polystyrene 

In general, porous gas diffusion dectrodes accordmg to was prepared by mixing tfie Pplymar m an approxunately 

tfic invention are prepared by applying, at 100«'-140° C, a 60/40 tducnc/n-propanol soluUco^Thc s^^^^ "^V^"^. 

suspension of 40 to 80 pits of catalyst-coated carbon JB a covaed ^ di^ to a deptii '^^l^J^^^^^^ 

particles plus 5 to 20 parts of particulate poly bottom of tiic dish, and tiie solution was heated to 28°-^ 
(tetrafluorocth^ene) in 1200 parts of water to a particulate 55 C. onahoQ>latc.A5 cmVcceof tiiednedcatatyzed^^ 

carbon paper having a hydrophobic binder and aporosity of electrode was inverU^dc^^d^n onto tiie sirfaceof 

30 to 70%?TTie resulting catalyst^coated carbon and PTFE tiie solution. After about ten minutes tiie dectrodc was 

support is heated in an inert atmosphere at an increasing blotted on paper. The electrode was ^ed for about ten 

temperature from 125« C. to 380^ C. and tiicn cooled in an minutes underanlRlamp and weired. The amount <rfionac 
inStatmosphexe to a ten^icraturc below 125* C. To tiie 60 hydrocarbon polymer in^cgnated was 0 6 mg/cm . The 

cooled support is applied, at 20° to 50* C, a 5% by weight process was repeated for the otiier electrode, 

solution of sulfonated polystyrene in a solvent having a Two electrodes, prepared as above, were laminated to a 50 

boiling point bdow 125** C, and the support is dried until fim tiiick hydrocarbon ionomer membrane (DAK 585™, 2 

less tiian 10% oftiicsolvcntrcmains. The resulting electrode mil available from DAB Cap, Pahn Harbor, Fla.) by 
contains from 0.2 to 2.0 mg/cm^ of sulfonated polystyrene. 65 pressing at 1 metric ton at 58** C.-60* C. for one minute, 

A gas diffusion electrode according to tiie invention is Using air at atmospheric pressure witiiout humidification, 

shown in an idealized schematic cross-section in FIG. 1. The and witii the cell running at 40*" C. after about six hours of 
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□peiatioQ under load, the single cell exhibited a current 
density of 400 mA/cw? at 0.5 V (200 mW/cm^). The iR drop 
of the cell under these conditions gave rise to a resistivity 
0.1 ohm-cm^. At 27** C, with the cell (gating under load, 
a current density of 300 mA/cm at 0.5 V (150 mW/cm^) was 
measured. 

EXAMPLE 2 

A second cell was prepared according to the procedure 
described above. The second cell had a platinum loading of 
0.6 mg^cm^, 31% sulfonated styrcne polymer loading of 0.5 
mg^cm^ and a 4 mil (100 |im) hydrocaAon ionomer mem- 
brane. At 40*^ C. this cell exhibited a current density of 300 
niiA/cm^ at 0.5 V (150 mW/cm^, and the iR drop gave rise 
to a resistivity of 0.25 ohm-cm^. 

We daim: 

1. A porous gas diffusion electrode conqirising: 

(a) an electronically conductive porous body; in electrical 
contact with 

(b) a catalyst layer comprising (i) a catalyst dispersed on 
the surface of a carbon support; (ii) a water-Insoluble 
sulfonated polystyrene, sulfonated poly(a- 
methylstyrcnc) or sulfonated styrene-ethylene- 
butylene-styrcne block copolymer; and (iii) a nonionic 
fluorocaibon polymer. 

2. An electrode according to claim 1 wherein said sul- 
fonated polystyrene, poly(a-mcthylstyrette) or sulfonated 
styrene-ethylen^-butylene-styrcnc block copolymer has a 
conductivity of 0.04 S/cm or greater. 

3. An electrode according to daim 1 wherein said sul- 
fonated polystyrene is 10 to 60 mole percent sulfonated 
polystyrene of molecular weight 30,000 to 1,000,000. 

4. An electrode according to daim 3 wherein said sul- 
fonated polystyrene is 25 to 45 mole percent sulfonated. 

5. An electrode according to claim 1 wherein said non- 
ionic fluorocarbon polymer is chosen from the ffoap con- 
sisting of poly(tctrafluorocthylcne)» poly(vinylidene 
fluoride), poly(tctrafluoroethylenc-hcxaflu oropropy lene), 
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(a) said porous body conqnising a porous carbon fiber 
sheet having a hydrophobic binder and a porosity of 30 
to 10%; in electrical contact with 

(b) said catalyst layer comprising (i) a platinum or pal- 
ladium metal catalyst dispersed on the surface of a 
particulate carbon support at 5% to 30% by weight of 
said carbon support; (ii) a sulfonated polystyrene of 
molecular wei^t from 200,000 to 400,000 sulfonated 
to 25 to 40 mole percent; and (iii) from 15 to 30% of 
the total weight of the catalyst layer of a particulate 
poly(tetraf uorocthylcne) of particle size from 50 ^un to 
500 ^m. 

9. A fiid cell comprising: 

(a) an inlet for a gaseous fiid; 

(b) an inlet for an oxygen-contalnlng gas; 

(c) an outlet for reaction products; 

(d) a first gas diffusion dectrode adjacent said inlet for 
gaseous fuel; 

(e) a second gas diffusion dectrode adjacent said inlet for 
oxygen-containing gas and said outlet for reaction 
products; and 

(f) a membrane of a proton-conducting polymer between 
said first and second electrodes and in contact with 
both; 

said first and second gas diffusion electrodes each compris- 
ing an electronically conductive porous body in decirical 
contact with a catalyst layer conqnising (i) a catalyst dis- 
persed on the suiface of a particulate carbon siq)poit, (ii) a 
sulfonated polystyrene, pQly(a-methylstyrene) or styiene- 
ethylene-butylene-styrene block copolymer, and (iii) a par- 
ticulate nonionic fluorocarbon pdymer. 

10. A ftid cell according to claim 9 wherein said proton- 
conducting polymer membrane comprises a styrene- 
albylene block copolymer, the styrene component being 
sulfonated to the extent of at least 25 mol%. 

11. A fuel cell according to claim 10 wherein said proton- 



poly(hexafluoropropylene oxide), and poly 40 '^^^'^^ membrane is a sulfonated styrene-(ethylene^ 



(tetrafluoroetfaylene-hexafiuoropropylene oxide). 

6. An electrode according to claim 1 wherein said catalyst 
dispersed on the surface of a carbon support is chosen from 
the group consisting of platinum, palladium and binary and 
ternary mixtures and alloys of platinum and palladium with 
Group Vm metals. 

7. An electrode according to claim 6 wherein said catalyst 
is chosen from the group consisting of Pt, Pd, Pt-Ru and 
Pt-Co-Cr. 

8. A porous gas difhision electrode according to daim 1 
comprising: 



butylene)-5tyrene block copolymer. 

12. A fud cell according to daim 9 wherein said catalyst 
layer comprises (i) a platinum or palladium catalyst dis- 
persed on the surface of a particulate carbon siipport, (ii) a 
^5 sulfonated polystyrene of molecular wdght from 200^000 to 
400,000 sulfonated to 25 to 40 mole percent; and (iii) from 
15 to 30% of the total weight of the catalyst layer of a 
particulate poly(tetrafluQrocthylenc) of partide size bom 
0.05 ^ to 500 Mm. 
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